Female nonobese diabetic (NOD) mice more frequently develop autoimmune diabetes than NOD males.
T he sexual dimorphism of autoimmune diseases-females have a higher incidence than males-is well known in both humans and animal models (Ansar Ahmed et al, 1985; Beeson, 1994; Homo-Delarche et al, 1991; Wilder, 1995) . This difference is generally assumed to be caused by the effects of sex steroids on the immune response, particularly the immunosuppressive effects of androgens (Grossman, 1984; Homo-Delarche and Durant, 1994; HomoDelarche et al, 1991; Wilder, 1995) .
Also in the nonobese diabetic (NOD) mouse model of type 1 diabetes, females become diabetic earlier and in higher frequency than males. Castration of males leads to an incidence comparable to that observed in females, whereas treatment with androgens prevents the development of diabetes in female NOD mice Fox, 1992) . It is generally assumed that the autoimmune process in NOD females and castrated males progresses because of the absence of immunosuppressive androgens. However, data comparing various immunological parameters between NOD females and males, and between castrated and control animals of both sexes, have not given conclusive evidence to support such a view. Splenic T-cell proliferation, interleukin-2 production, and antibody production against sheep red blood cells do not reveal any spontaneous sex difference or any effect of castration, whereas leukocyte phenotype analysis shows only minor differences . In addition, autoimmune inflammatory infiltration is not always predominant in females. Although a NOD female preponderance exists for the development of insulitis and sialoadenitis Goillot et al, 1991) , dacryoadenitis is preferentially found in NOD males (Hunger et al, 1998) . Taken together, these observations in NOD mice bring into question the general view that sex steroid effects on the immune system explain the observed gender difference in diabetes incidence. Alternatively, sex hormones may directly affect the target organ and thus influence the susceptibility for autoimmune attack.
In the NOD pancreas, the first sign of autoimmunity is an early accumulation of macrophages (M) and dendritic cells (DC) around the islets of Langerhans (peri-insulitis) (Jansen et al, 1994; Rosmalen et al, 2000b) . These cells are assumed to function as antigen-presenting cells (APC). Subsequently, numerous T and B lymphocytes are recruited to the site and the progressive insulitis leads to the destruction of the insulin-producing ␤ cells located in the core of the islet of Langerhans. In the nonobese diabetic/severe combined immune-deficient (NODscid) mouse, an early peri-islet APC accumulation also takes place, but to a lesser extent (Dahlen et al, 1998; Rosmalen et al, 2000a) . Because of the lack of functional lymphocytes, however, neither lymphocyte insulitis nor diabetes develops in these mice (Prochazka et al, 1992) . With age, both NOD and NODscid females exhibit increased numbers of large-sized islets ("megaislets") (Jansen et al, 1996; Rosmalen et al, 2000a) . The importance of these mega-islets for diabetes development is indicated by the observation that the early-infiltrating APC are predominantly situated next to these mega-islets in both strains (Rosmalen et al, 2000a) . This is particularly the case for CD11c ϩ dendritic cells (DC).
The causes of mega-islet development are not known. Islet hypertrophy occurs consecutively to endocrine abnormalities, suggesting a role for these abnormalities in mega-islet development. More specifically, a transient ␤ cell hyperactivity is observed in NOD mice, particularly females, that is closely associated in time with the emergence of APC infiltration (Amrani et al, 1998; Homo-Delarche, 1997) . Interestingly, an aberrant sexual dimorphism in insulin response to a glucose load exists in NOD mice: females produce, as early as 6 weeks of age, higher insulin levels than males (Homo-Delarche, 1997). This glucose response pattern is opposite to the one found in normal rodents (Homo-Delarche, 1997). Moreover, insulitis progresses more rapidly in NOD females than in males, possibly as a consequence of this ␤ cell hyperactivity (Amrani et al, 1998; Homo-Delarche, 1997; Homo-Delarche and Boitard, 1996) . Thus, functional endocrine abnormalities in NOD mice precede the formation of mega-islets and subsequent autoimmune infiltration. Moreover, these abnormalities seem to be especially marked in diabetes-prone NOD females.
We hypothesized that the sensitivity to autoimmune attack as observed in NOD females was related to sex steroid effects on the target organ instead of on the immune system. Therefore, we have studied the effect of castration on the islet of Langerhans by measuring early mega-islet development, APC infiltration, and the relationship between these two parameters. By using both NOD and NODscid mice, we determined the contribution of lymphocytes to islet abnormalities developing upon castration.
Results

Gender Bias in Mega-Islet Formation in NOD and NOD scid Mice
Previous studies showed early hypertrophy of pancreatic islets, leading to mega-islet formation in NOD and NODscid female mice (Jansen et al, 1996; Rosmalen et al, 2000a) . Figure 1 shows an example of a megaislet (Fig. 1A ) compared with conventional islets (Fig.   1B) . To assess a possible sexual dimorphism in megaislet formation, we measured islet size in NOD and NODscid mice of both sexes at 5, 10, and 15 weeks of age. Mega-islets were defined as islets with an area of more than 10,000 pixels at a magnification of ϫ100. Five-week-old females and males of both strains had comparable percentages of mega-islets (Fig. 2) . At 10 weeks of age, however, significant differences in the percentages of mega-islets were observed between females and males regardless of the strain. NOD and NODscid females had higher percentages of megaislets than NOD and NODscid males (p Ͻ 0.05 for NOD females vs NOD males; p Ͻ 0.05 for NODscid females vs NODscid males). However, after the appearance of this sexual dimorphism in mega-islet development in both NOD and NODscid mice, a strain difference developed, as observed at 15 weeks of age. Significantly higher percentages of mega-islets were observed in NOD females and males compared with sex-matched NODscid mice (p Ͻ 0.05 for NOD females vs NODscid females; p ϭ 0.05 for NOD males vs NODscid males). This suggests that lymphocytes play a role in later phases of mega-islet development in NOD mice. These data also show that the initial phases of mega-islet development are influenced by sex steroids.
Gender Bias in CD11c
؉ DC Infiltration in NOD Mice
To assess whether the gender bias in mega-islet formation was associated with differences in early insulitis in male and female NOD mice, we measured CD11c ϩ DC accumulation in the peri-islet area in NOD males and females at 5 weeks of age. The percentage of islets with CD11c ϩ DC in the peri-islet area was comparable between NOD males and NOD females: in both males and females, a similar fraction of the islets had CD11c ϩ DC in the peri-islet area at this age. However, the percentage of the area occupied by CD11c ϩ DC in these infiltrated islets differed significantly: 3.8% versus 1.0% of the peri-islet surface area was occupied by DC in the infiltrated islets in females compared with males (p Ͻ 0.05). Thus, female NOD mice had a higher density of CD11c ϩ DC in the peri-islet area of infiltrated islets than male NOD mice.
Effect of Castration on Mega-Islet Formation in NOD and NOD scid Males and on Diabetes Incidence in NOD Males
As shown in Figure 3 , orchidectomy of NOD and NODscid mice at 4 weeks of age significantly increased the fraction of mega-islets at 10 weeks of age (p Ͻ 0.001 for NOD males; p Ͻ 0.05 for NODscid males). This increase is especially marked in NOD males, leading to a significant difference between orchidectomized NOD and NODscid males (p Ͻ 0.001). We also confirmed previous findings that orchidectomy at 4 weeks of age significantly increased diabetes prevalence in NOD males (data not shown).
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Effect of Castration on DC Infiltration around and/or into Islets of NOD and NOD scid Males
Because CD11c
ϩ DC accumulate around, as well as within, the islet when insulitis is progressing (Fig. 4) , we measured infiltration in the peri-islet area and in the islet itself at 10 weeks of age. Figure 5 shows that orchidectomy in NOD mice enhanced the accumulation of CD11c ϩ DC in both the islet itself (4.4% vs 1.1% of the islet surface area was occupied by DC in the orchidectomy vs the sham-operated group, p Ͻ 0.0001) and in the peri-islet area (19.2% vs 6.7% for the orchidectomy vs the sham-operated group, p Ͻ 0.0001). In NODscid mice, the accumulation of CD11c ϩ DC was also significantly enhanced in the peri-islet area after orchidectomy (2.7% vs 1.4% for the orchidectomy vs the sham-operated group, p Ͻ 0.001), but in the islet itself, the difference did not reach statistical significance (0.38% vs 0.25% for the orchidectomy vs the sham-operated group).
NOD and NODscid mice differed significantly with regard to peri-islet or intra-islet CD11c ϩ DC infiltration (Fig. 5) . In sham-operated NOD males, CD11c ϩ DC infiltration was more extensive than in NODscid males, both in the islet itself (1.1% vs 0.25% for NOD vs NODscid, p ϭ 0.0001) and in the peri-islet area (6.7% vs 1.4%, p Ͻ 0.001). After orchidectomy, this difference increased both in the islet itself (4.4% vs 0.38%, p Ͻ 0.0001) and in the peri-islet area (19.2% vs 2.7%, p Ͻ 0.0001). This suggests that lymphocytes are likely to play a role in the extent of peri-and intra-islet DC infiltration in the NOD mouse.
Figure 1.
Example of a mega-islet (orchidectomized NOD male, 10 weeks old) (A) compared with conventional islets (sham-operated NOD male, 10 weeks old) (B). Original magnification: ϫ64. Note the weak staining for insulin in the mega-islet compared with the staining in the conventional islets, a difference that is regularly observed. Figure 6 shows that orchidectomy of 4-week-old NOD mice increased the lymphocytic infiltration, as measured at 10 weeks of age. Indeed, the median size of the lymphocyte infiltrate was 856 pixels for shamoperated NOD males and 2398 pixels for orchidectomized NOD. However, this difference tended only toward significance (p ϭ 0.088). As expected, NODscid mice did not exhibit any lymphocyte infiltration.
Androgens and Abnormal Islets in NOD(scid)
Laboratory
Effect of Castration on Islet-Related Lymphocyte Infiltration in NOD Males
Discussion
In the NOD mouse model of type 1 diabetes, females are more prone to diabetes development than males, despite the absence of clear differences in peripheral immune function between the sexes . Similarly, castrated males show an enhanced diabetes incidence without obvious changes in peripheral immune function . Therefore, we hypothesized that a target organspecific effect of sex steroids is operative in diabetes development. This study shows that orchidectomy induces early islet abnormalities in male NOD mice, indicated by the increase in mega-islet formation in castrated animals. Simultaneously, orchidectomy enhances early APC infiltration in NOD and NODscid mice. The effect of orchidectomy on both mega-islet formation and APC infiltration is stronger in NOD than in NODscid mice, indicating that lymphocytes enhance the effect of androgen deprivation.
The relationship between sex steroids, mega-islet formation, and leukocyte infiltration can be explained in different ways. On the one hand, the effects of orchidectomy on the development of early islet abnormalities in male NOD mice may be achieved via a direct influence of sex steroids on islet cells and/or glucose homeostasis. On the other hand, sex steroids may affect the function of leukocytes that accumulate around and in the islets, and thereby cause islet abnormalities. The data presented here and those from the literature suggest that both mechanisms may be at work.
There are several indications that the islet itself can respond to sex hormones. Functional studies suggest that sex steroids might directly and/or indirectly influence islet function in normal animals. There is a sexual dimorphism in glucose homeostasis in normal rodents, with males showing higher nonfasting basal glycemia and insulinemia than females (HomoDelarche, 1997; Lavine et al, 1971 ). This difference is related to the opposite effects of androgens and estrogens on the insulin sensitivity of cells: androgens lower insulin sensitivity, whereas estrogens increase it (Kava et al, 1989; Leiter, 1988 Leiter, , 1989 . Accordingly, partial pancreatectomy-induced diabetes in normal rodents is more frequent in males than in females, and its effect is reversed in each sex by castration (Houssay, 1951) . The administration of exogenous androgens is likely to prevent the effects of castration on glucose homeostasis because in the multiple-dose streptozotocin diabetes model it has been shown that testosterone administered to control females or orchidectomized males resulted in an increase in glucose response to levels comparable to those in control males (Rossini et al, 1978) . Finally, estrogen administration in rodents and orchidectomy in various species have been reported to induce ␤ cell hyperplasia and/or islet hypertrophy (Bailey and Ahmed-Sorour, 1980; Basabe et al, 1969; Renauld et al, 1980) . Thus, our finding in NOD mice that orchidectomy led to an increased percentage of mega-islets in prediabetic NOD males (before any noteworthy lymphocyte infiltration) and in NODscid males is fully in line with the earlier observations in other strains and species that sex steroids influence ␤ cell function. Do sex steroids act directly at the ␤ cell level through specific receptors? Estrogen and progesterone receptors are indeed present in ␤ cells (Doglioni et al, 1990; Lenzen and Bailey, 1984; Tesone et al, 1979; Winborn et al, 1983) . However, to the best of our knowledge, androgen receptors have not been shown in ␤ cells. In addition, we ourselves were unable to detect the presence of Development of mega-islets as a function of age in NOD and NODscid females and males. Results are percentages of the total number of islets from five mice. Note a significant difference between males and females at 10 weeks of age and a significant difference between NOD and NODscid mice, regardless of the sex, at 15 weeks of age.
Figure 3.
Presence of mega-islets in orchidectomized and sham-operated 10-week-old NOD and NODscid males. Results are percentages of the total number of islets from 6 to 8 mice/age group. Orchidectomy results in a rise in the percentage of mega-islets. Moreover, this effect is significantly higher in NOD compared with NODscid males.
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these receptors in ␤ cells (unpublished observation). These data make a direct effect of androgens at the ␤-cell level unlikely.
If indeed ␤ cells lack androgen receptors, is there an alternative explanation for the observed gender difference in diabetes incidence and the effect of orchidectomy in NOD mice? Sex steroids also have recognized effects on leukocyte function. It could be argued that sex steroids induce prediabetic islet abnormalities via an effect on leukocytes, either lymphocytes or APC, that accumulate around the islets.
We show here that orchidectomy affects mega-islet formation and APC infiltration in lymphocyte-deficient NODscid mice. This indicates that at least part of the sex-steroid effect, if achieved indirectly, can be mediated via nonlymphoid cells. APC are likely candidates as mediators of sex-steroid effects. In general, a close physical and functional interaction between the endocrine system and APC has been observed for virtually all endocrine organs (Hoek et al, 1997; Simons et al, 1998) . In the thyroid, pituitary, and the gonads, DC and macrophages play an important role in the regulation of hormone secretion (Hoek et al, 1997; Simons et al, 1998) . One study also suggests the possible effects of APC on islets and a role for sex steroids in this interaction. In mice that express interferon-␥ as a transgene in their ␤ cells, interferon-␥-stimulated duct cell proliferation is stronger in females than in males. However, if the pancreatic influx of M that occurs in these mice is prevented, the proliferation in males is increased up to the level found in females. Hence, interferon-␥ stimulation of duct cell proliferation is mediated in part through the M, which inhibits such growth in males (Gu et al, 1995) . Androgens thus influence the function of pancreatic M, thereby inhibiting islet precursor cell proliferation. Consequently, the administration of exogenous androgens in NOD females and orchidectomized NOD males may well affect the pancreatic APC and thereby inhibit the observed islet hypertrophy.
Therefore, APC appear to be important communicators in the interactions between the endocrine and the immune system. How could sex steroids influence the interactions between APC and islet cells? Sex steroids are known to modulate cytokine production by leukocytes, in particular by mononuclear phago- 
The location of CD11c
ϩ DC (black staining) and lymphocytes in islet infiltrates (NOD female, 10 weeks old). I, islet; P, peri-islet area; L, lymphocyte infiltrate. Original magnification: ϫ64.
Figure 5.
CD11c
ϩ DC infiltration in orchidectomized and sham-operated 10-week-old NOD and NODscid males. Infiltrating DC are distinguished according to their location: with the islets or in the peri-islet inflammatory infiltrate. The number of infiltrating cells is expressed relative to the islet or peri-islet surface area (see "Materials and Methods"). Note that orchidectomy of NOD and NODscid males leads to an enhanced accumulation of CD11c ϩ DC around the islets. In NOD mice, orchidectomy also leads to an enhanced infiltration of CD11c ϩ DC into the islets. As expected for this age, peri-islet infiltration is significantly higher than the infiltration of the islet itself. Moreover, CD11c ϩ DC infiltration in NOD males is significantly higher compared with that in NODscid males. cytes (Homo-Delarche and Durant, 1994) . Furthermore, APC are able to convert prohormones to active androgens (Hennebold and Daynes, 1994) . Taken together, these notions support the view that sex steroids influence APC function and thus might via these cells also influence the islet cells.
Androgens and Abnormal Islets in NOD(scid)
The effects of orchidectomy on mega-islet formation are stronger in NOD males than in NODscid males, however. This suggests that lymphocytes also contribute to mega-islet formation in NOD mice. A direct lymphocyte-mediated effect of changes in androgen levels, however, is unlikely because mature lymphocytes lack androgen receptors (Homo-Delarche and Durant, 1994) . How then can the reduced effect of castration on mega-islet formation in NODscid mice compared to NOD mice be explained? Androgens might act indirectly on lymphocytes by influencing products secreted by other cells present in the islet environment (Pavlovic et al, 1999) . Moreover, circulating estrogens, which persist in NOD males after castration, may have direct and similar immunostimulatory effects on lymphocytes from NOD females and castrated males that are not counterbalanced by the presence of androgens (Ansar Ahmed et al, 1985; Grossman, 1984; Homo-Delarche and Durant, 1994) . Also, a role for infiltrating APC in this process can be envisaged. NODscid have a reduced DC infiltration compared with NOD mice as shown for males in this study and in Rosmalen et al (2000a) for females. Therefore, the difference between NOD and NODscid mice in mega-islet formation after orchidectomy could be explained via effects on different numbers of infiltrating DC.
In conclusion, both leukocytes and islet cells themselves appear to play roles in the formation of megaislets after castration. In this experimental setting as well as in spontaneous disease, ␤-cell hyperactivity and islet hypertrophy might be crucial in the development of diabetes. Hyperactive islets are known to express elevated levels of cell-adhesion ligands, major histocompatibility complex (MHC) molecules, and autoantigens, which may enhance the ␤-cell sensitivity to the cytotoxic effects of cytokines (Homo-Delarche and Boitard, 1996) . We have previously demonstrated that prophylactic insulin treatment, which prevents insulitis and diabetes incidence, decreases mega-islet formation (Jansen et al, 1996; Rosmalen et al, 2000a ). Here we show that orchidectomy is associated with an increase of both mega-islet formation and the incidence of diabetes in NOD mice. Moreover, orchidectomy enhances the early accumulation of CD11c ϩ DC around and in the islets of NOD mice and NODscid mice concomitantly with mega-islet formation. Together, these studies support the view that megaislets are closely associated with, and possibly functionally involved in, the development of insulitis and, subsequently, diabetes in NOD mice. Because NODscid mice lack functional lymphocytes, the stage of destructive insulitis is not reached in this strain.
In this report we highlight the notion that sex steroids are important factors in the complex interrelationship between the islets of Langerhans and early infiltrating leukocytes in mice with the NOD genetic background. Sex steroids influence early prediabetic morphological islet abnormalities, and orchidectomy increases mega-islet formation and associated APC infiltration. This effect is enhanced by the presence of functional lymphocytes. In addition, an effect of androgens on islet cells, either directly or indirectly via infiltrating APC, provides an explanation for the observed gender difference in diabetes incidence in NOD mice.
Materials and Methods
NOD Colony, Diabetes Incidence, and Orchidectomy
NOD and NODscid mice were bred under specific pathogen-free conditions at the facilities of the Hôpital Necker, Paris, France. The animal facilities and care followed the principles of laboratory animal care and the norms stipulated by the European Community. Mice were fed standard pellets and water ad libitum and were maintained at 22°C on a 12-hour light-dark cycle. The incidence of diabetes in the NOD colony was 80% for females and 40% for males by 200 days of age.
NOD and NODscid males were divided into two experimental groups. The first group underwent either orchidectomy under Avertin anesthesia at 4 weeks of Development of lymphocyte infiltration in orchidectomized and sham-operated 10-week-old NOD males. Orchidectomy tended to increase the size of the lymphocyte infiltrate (p ϭ 0.088).
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age. The second group underwent a sham operation to exclude the nonspecific effects of the operation itself. Mice were routinely checked for success of the orchidectomy. One week after orchidectomy of NOD mice, circulating testosterone levels had fallen from 12 Ϯ 2.1 ng/ml to 35.1 Ϯ 9.5 pg/ml (n ϭ 12). At the same time, circulating estradiol did not fall significantly: 63 Ϯ 13 pg/ml versus 46 Ϯ 10.5 pg/ml (n ϭ 9). For diabetes incidence assessment, 15 mice were included in each group. Animals were considered diabetic when glycemia was higher than 11 mmol/l using Glukotest (BoehringerMannheim, Mannheim, Germany).
To assess the effect of castration on immunohistochemical parameters (islet size and infiltration with CD11c ϩ DC and lymphocytes), mice were used at 10 weeks of age (8/group). Unmanipulated NOD and NODscid females and males were also used at 5, 10, and 15 weeks of age for the measurement of islet size and CD11c ϩ DC infiltration (5 mice/group).
Antibodies
Islets were identified by guinea pig anti-insulin polyclonal antibody (Dako, Glostrup, Denmark), which was used diluted 1:250 in PBS with 0.1% Tween-20 (Merck-Schuchardt, Hohenbrunn bei München, Germany) (PBS/Tween). Anti-insulin binding was detected with horse radish peroxidase (HRP)-conjugated rabbit-antiguinea pig immunoglobulins (Dako). N418, identifying CD11c ϩ DC (18), was used as a hamsterantimouse hybridoma culture supernatant. N418 was detected with HRP-conjugated goat-antihamster immunoglobulins (Jackson ImmunoResearch Laboratories, Inc., West Grove, Pennsylvania). Lymphocyte infiltrates were identified morphologically by means of a nuclear fast red counterstaining (Fluka, Buchs, Switzerland).
Immunohistochemistry
Mice were killed by cervical dislocation after bleeding from the orbital sinus under ether anesthesia. Pancreata were removed, embedded in OCT compound (Sakura, Zoeterwoude, The Netherlands), and frozen in dry ice-chilled isopentane for immunohistochemical studies. Tissues were stored at Ϫ80°C until immunohistochemistry was performed. Before sectioning, microscopic slides were coated with a solution of 0.1% gelatine/0.01% chromium-alum. Pancreas cryostat sections of 6 m were prepared from central regions of the pancreas that included sufficient numbers of islets. Only one section of each pancreas was stained and measured to assure that an individual islet was not examined more than once. Sections were fixed for 2 minutes in 2% hexazotized pararosaniline (Sigma, St. Louis, Missouri) (De Jong et al, 1991) . After a wash with PBS/Tween, slides were incubated with first-step monoclonal antibodies for 30 minutes at room temperature. Subsequently, slides were washed with PBS/Tween and incubated with second-step antibodies in the presence of 2% normal mouse serum for 30 minutes at room temperature. After an additional wash with PBS/Tween, slides were incubated with 0.05% (w/v) Ni-di-amino-benzidine (Ni-DAB) (Sigma) with 0.02% H 2 O 2 and washed in water after 3 minutes. Finally, slides were counterstained for 3 minutes in nuclear fast red, dehydrated in a graded ethanol series, and mounted. For each series of islet sections, one slide was stained with a second antibody only as a control for endogenous peroxidase activity and nonspecific binding of the second step. A section of spleen was included as a positive control.
Quantification of Immunohistochemistry
Total and marker-positive surface areas of infiltrated islets were assessed via a VIDAS-RT image analysis system (Kontron Elektronik GmbH/Carl Zeiss, Weesp, The Netherlands). Measurements were done at a magnification of ϫ100. The results of the measurements were expressed in pixels. At a magnification of ϫ100, the size of one pixel is 1.13 ϫ 10 Ϫ6 mm 2 . For the measurement of islet sizes, islets were identified by means of an anti-insulin staining. Only the endocrine cell contribution was measured; the immune cell contribution to islet area in mice with advanced insulitis is not counted. For the measurement of infiltration, islets, peri-islet areas, and lymphocyte infiltrates were recognized morphologically and encircled by the investigator. Figure 4 shows the definition of the islet area (I), the peri-islet area (P), and the lymphocyte infiltrate (L). CD11c ϩ DC are present mainly in the peri-islet location, but also within the islet. Therefore, CD11c ϩ DC infiltration in the peri-islet and islet areas was measured and expressed relative to peri-islet-and islet-area size, respectively. For lymphocyte infiltrates, infiltrates were expressed as absolute infiltrate sizes in pixels, because lymphocytes are not yet infiltrating the islets at the age under investigation but rather form a cuff at the side of the islet. The size of this cuff is directly related to the number of lymphocytes present. Therefore, it is not necessary to express lymphocyte infiltration relative to islet size. Thus, DC infiltration is expressed in a relative manner, whereas lymphocyte infiltration is expressed absolutely.
For all measurements, the results were analyzed for the total number of islets in a given experimental group and not per individual mouse. The reason for this was that there was an extensive variability in the progression of the disease and therefore in the number of islets available for analysis prior to destruction. A mean of 170 islets was analyzed for every age-strain group of five to eight mice.
Statistical Analysis
The 2 -test was used to analyze differences in the prevalence of diabetes at 23 weeks of age between the orchidectomized mice and the sham-operated mice. Also, statistical comparison of the percentages of mega-islets in the two groups was carried out using the 2 -test. Statistical comparison of the amount of infiltration with CD11c ϩ DC and the amount of lym- phocyte infiltration between groups was carried out by the Mann-Whitney U-Wilcoxon rank sum W test. The level of significance was set at p Ͻ 0.05.
